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Introduction
Primary Sclerosing Cholangitis (PSC) is a chronic 
inflammatory disease involving the intrahepatic and/
or extrahepatic bile ducts. This can lead to bile stasis, 
strictures, fibrosis, and cirrhosis of the liver, often 
ultimately requiring liver transplantation (LT).1 In the 
general population, the incidence rate and prevalence of 
PSC is reported to be 0.75 and 11.16 per 100,000 persons, 
respectively.2 PSC is typically diagnosed in individuals 
between the ages of 30 and 40 years.3 The etiology of PSC 
is still unknown and there is no current consensus about 
it. However, genetic, epigenetic, environmental, and 
immunological factors seem to be major contributors.4, 

5 At the present time, there is no proven effective 
treatment for PSC and the major management strategies 
of the disease are based on controlling the symptoms and 
complications. 

Peribiliary fibrosis in PSC can result in strictures of 
the biliary tree and accumulation of bile acids, leading 

to DNA damage in cholangiocytes and development 
of cholangiocarcinoma (CCA). CCA often occurs in 
individuals with genetic and epigenetic predispositions, 
as well as chronic inflammation of the liver (viral 
hepatitis, cirrhosis) or bile duct (PSC, hepatolithiasis).6 
It is the most common hepatobiliary malignancy and 
a leading cause of death in PSC patients.7, 8 The annual 
occurrence of CCA in PSC patients varies from 0.5 to 1.5 
per 100 individuals, which is significantly higher, by 10 
to 1000 times, than the incidence observed in the general 
population.9, 10 Previous studies conducted mainly in 
European countries and North America have suggested 
that large-duct abnormalities, age, male sex, concurrent 
ulcerative colitis, alcohol and tobacco use, as well as 
hepatitis B or C infection are well-known risk factors for 
PSC-associated CCA.10 However, due to the geographic or 
ethnic differences, further studies should be conducted in 
Asia to better understand other risk factors.

Currently available screening tools for CCA in PSC 
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Abstract
Background: Cholangiocarcinoma (CCA) is the most common malignancy in patients with primary sclerosing cholangitis (PSC). It 
is typically associated with low survival rates due to late diagnosis. This study aimed to evaluate the predictors of incidental CCA 
in PSC patients.
Methods: In this cross-sectional study, we included 425 patients aged 18 years or older who underwent liver transplant with 
a confirmed diagnosis of PSC. Demographic data, pre-transplant clinical features, and para-clinical evidence were obtained 
from medical records. Pathology experts examined livers removed during transplantation, and CCA was diagnosed accordingly. 
Multivariable logistic regression and receiver operating characteristic (ROC) curve analyses were conducted to assess the risk 
factors for incidental CCA and the effectiveness of carbohydrate antigen 19-9 (CA 19‒9) in predicting CCA, respectively.
Results: Of the 425 included patients, 29 had PSC-CCA and 396 patients had PSC alone. According to the multivariable logistic 
model, CA 19‒9 (odds ratio [OR] = 1.001, 95% confidence interval [CI]: 1.000‒1.001, P-value = 0.041) and weight loss (OR = 4.712, 
95% CI: 1.392 to 15.947, P-value = 0.013) were significantly associated with CCA development. ROC curve analysis also revealed 
that CA 19‒9 could predict CCA (AUC = 0.737; 95% CI: 0.689‒0.782) at an optimal cut-off point above 46 U/mL, with a good 
sensitivity (68%, bootstrapped 95% CI: 62‒74%) and specificity (72.32%, bootstrapped 95% CI: 68‒76%).
Conclusion: We found that CA 19‒9 and weight loss are independent predictors of incidental CCA in PSC patients, and a CA 19‒9 
level above 46 U/mL has relatively good predictive power for incidental CCA.
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patients include serological testing, imaging techniques, 
and evaluation of patient symptoms. However, these 
methods have low specificity and sensitivity, leading to 
misdiagnosis or delayed detection in a significant number 
of patients.11 Due to the detrimental effects of incidentally 
found tumors in liver explants on postoperative tumor 
recurrence and survival, identifying high-risk PSC 
patients is necessary.12 Therefore, the aim of this study 
was to identify and evaluate biomarkers that can predict 
incidentally-found CCA in PSC patients before LT and 
provide prognostic information.

Materials and Methods
In this retrospective analytic cross-sectional study, we 
included patients aged 18 years or older who underwent 
liver transplant with a confirmed diagnosis of PSC by 
MRCP13 who were admitted to Abu-Ali Sina and Namazi 
Hospitals in Shiraz, Iran between 2015 and 2020 and had 
available medical records. Incidental CCA refers to cancers 
discovered in the liver explants post-liver transplantation 
without prior awareness of their existence.12 Patients with 
a prior CCA diagnosis before LT, those without a PSC 
diagnosis based on histological criteria, and patients with 
secondary causes of PSC, any history of malignancy, and 
evidence of active infection or chronic liver disease that 
prevented LT were excluded from the study. The study 
was approved by the ethics committee of Shiraz University 
of Medical Sciences, Shiraz, Iran (Code: IR.SUMS.MED.
REC.1400.442). 

The sample size was calculated using the following 
formula:

( )2
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  1Z P P
n

d
−

=

Given the reported prevalence of CCA in Iran (8.8%) 
14, 95% confidence interval (CI), and precision (d) of 
0.027, the sample size was estimated to be 393. With 
consideration of a dropout, 425 subjects were included in 
the study.

Demographic information and detailed pre-transplant 
clinical features, symptoms, and para-clinical evidence 
were extracted from the electronic medical records. 
Individual telephone calls were also made to obtain 
additional information. After explaining the importance 
of the research and obtaining verbal informed consent, 
we completed our available data. Standard methods were 
used for measuring laboratory parameters including, 
liver function tests, total and direct bilirubin, albumin 
level, complete blood count, and Carbohydrate Antigen 
19‒9 (CA 19‒9). The patient were monitored with 
ultrasonography every three months and underwent 
MRCP every 6-12 months, or sooner if there were 
any persistent changes in alkaline phosphatase or CA 
19‒9 level. The Mayo and Model for End-Stage Liver 
Disease (MELD) scores were also calculated to better 
understand disease prognosis.15 To further evaluate PSC 

and potentially detect CCA, explanted livers were sent for 
pathological examination. The histopathological reports 
were obtained from expert liver pathologists, and patients 
were categorized into two groups of with or without CCA, 
accordingly. Weight loss was defined as an unintended 
decrease of more than 10 pounds in body weight over 
the past 12 months. Body weight was recorded prior to 
breakfast in the morning.

We used IBM SPSS (version 25.0) and R (version 4.3.1) 
to conduct statistical analysis. The normality of data 
was assessed using Kolmogorov–Smirnov test. Non-
parametric quantitative and qualitative data are presented 
as median (interquartile range) and number (percentages), 
respectively. In order to examine whether there were 
differences in data between subjects with and without 
CCA, we used Mann-Whitney U test or Chi-square test 
depending on the nature of the variable. Assumptions for 
logistic regression were verified, including linearity in the 
logit for continuous predictors (including: CA 19‒9) using 
the Box-Tidwell test (P > 0.05 indicating no violation), 
multicollinearity assessed via variance inflation factors 
(VIF = 1.12 for CA 19‒9 and weight loss), and influential 
outliers evaluated using Cook’s distance (no values > 1). 
Variables that differed between individuals with and 
without CCA, or those selected based on the literature, 
were included in the multivariable logistic regression 
model. Backward stepwise selection was employed 
(P-values for entry and removal set to 0.10 and 0.05, 
respectively), with results cross-verified using forward 
selection and Akaike Information Criterion (AIC) for 
model stability. To address potential rare events bias due 
to the low prevalence of CCA (~6.8%), Firth’s penalized 
likelihood logistic regression was employed. The results 
are reported as odds ratios (ORs) with a 95% CI. Model 
fit was evaluated using the Hosmer-Lemeshow goodness-
of-fit test (P > 0.05 indicating good fit) and Nagelkerke 
pseudo-R². Post-hoc power calculations for key predictors 
were performed to assess statistical power. We also 
utilized a Receiver Operating Characteristic (ROC) curve 
to assess the effectiveness of CA 19‒9 in predicting CCA. 
The predictive power was evaluated through the Area 
Under the Curve (AUC), with bootstrapped 95% CIs 
(1,000 replications) for AUC, sensitivity, and specificity. 
The clinically relevant cut-off point for predicting CCA 
was determined by maximizing sensitivity + specificity 
(Youden index). Additional metrics, including positive 
predictive value (PPV), negative predictive value (NPV), 
positive likelihood ratio (LR+), and negative likelihood 
ratio (LR-), were calculated at the optimal cutoff. 
Sensitivity analyses were conducted, including exclusion 
of influential outliers (based on Cook’s distance) to 
confirm robustness. P-value < 0.05 was considered 
significant. The study adheres to the Strengthening the 
Reporting of Observational Studies in Epidemiology 
(STROBE) guidelines for cross-sectional studies, with 
the flow diagram of participant inclusion provided in 
Figure 1.
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Results
In the present study, 425 subjects (29 patients with and 
396 patients without CCA) were included. As is reported 
in Table 1, sex distribution, age, duration of PSC, the 
occurrence of repeated cholangitis, biochemical and 
hematological parameters, and MELD and Mayo scores 
were similar between the two groups. 

Nevertheless, a higher proportion of PSC-CCA patients 
had experienced weight loss compared to PSC patients 
(82.80% of PSC-CCA patients versus 58.10% of PSC, 
P-value = 0.009). Furthermore, CA 19‒9 levels were 
significantly higher in the PSC-CCA group compared to 
the control (P-value < 0.001).

In the multivariable model, two independent risk factors 
were identified to be significantly associated with CCA 
development, including CA 19‒9 (OR = 1.001 per unit 
[95% CI: 1.000‒1.001], P-value 2 = 0.041, corresponding 

to OR = 1.010 per 10 units [95% CI: 1.000‒1.020] and 
OR = 1.105 per 100 units [95% CI: 1.000‒1.221]) and 
weight loss (OR = 4.712, 95% CI: 1.392 to 15.947, 
P-value = 0.013) (Table 2). The 95% CI for weight loss 
indicates a significant association but with imprecision 
due to the low event rate. The model demonstrated good 
fit (Hosmer-Lemeshow test: χ² = 5.89, P = 0.66) with a 
Nagelkerke pseudo-R² = 0.18

We also assessed the performance of CA 19‒9 in 
predicting CCA, as indicated in Figure 2 and Table 3. We 
found that CA 19‒9 could predict CCA (AUC = 0.737; 
95% CI: 0.689‒0.782) at an optimal cut-off point above 
46 U/mL, with good sensitivity (68%, bootstrapped 95% 
CI: 62-74%) and specificity (72.32%, bootstrapped 95% 
CI: 68‒76%), with a Youden Index of 40.3%. At the > 46 
U/mL cutoff, PPV was 15.4%, NPV was 96.8%, positive 
likelihood ratio was 2.45 and negative likelihood ratio was 

Figure 1. Flow diagram of study selection process

Table 1. Patients’ demographic and clinical characteristics

Variable With CCA (n = 29) Without CCA (n = 396) P-value

Sex (Male), n (%) 21 (72.4) 234 (59.1) 0.157 a

Weight loss, n (%) 24 (82.80) 230 (58.10) 0.009 a

Repeated cholangitis, n (%) 17 (58.60) 231 (58.30) 0.976 a

Age (year), median (IQR) 39.00 (33.00‒53.00) 38.00 (31.00‒47.00) 0.216 b

Duration of PSC (year), median (IQR) 2.00 (2.00‒5.00) 4.00 (2.00‒6.00) 0.206 b

Hb (g/dL), median (IQR) 12.00 (11.00‒13.00) 11.00 (10.00‒13.00) 0.059 b

WBC (109/L), median (IQR) 7100.00 (5425.00‒9800.00) 6250.00 (4500.00‒8485.00) 0.132 b

INR, median (IQR) 1.00 (1.00‒1.00) 1.00 (1.00‒2.00) 0.177 b

Platelets (109/L), median (IQR) 29000.00 (146000.00‒256000.00) 162000.00 (100000.00‒257000.00) 0.113 b

Albumin (g/dL), median (IQR) 4.00 (3.00‒4.00) 3.00 (3.00‒4.00) 0.061 b

ALT (U/L), median (IQR) 60.00 (36.50‒90.50) 62.00 (33.00‒97.00) 0.846 b

AST (U/L), median (IQR) 71.00 (46.00‒120.50) 83.00 (54.00‒125.00) 0.362 b

ALK (U/L), median (IQR) 976.00 (483.00‒1252.50) 706.50 (423.25‒1150.00) 0.300 b

Total bilirubin (mg/dL), median (IQR) 3.00 (1.00‒17.50) 5.00 (2.00‒13.00) 0.206 b

Direct bilirubin (mg/dL), median (IQR) 1.00 (1.00‒11.00) 3.00 (1.00‒8.00) 0.337 b

MELD score, median (IQR) 16.00 (11.00‒21.00) 18.00 (13.00‒22.00) 0.314 b

CA19‒9 (U/mL), median (IQR) 89.00 (18.00‒399.50) 19.50 (5.00‒60.00)  < 0.001b

Mayo Score, median (IQR) 1.00 (0.50‒3.00) 2.00 (1.00‒3.00) 0.131 b

ALT, Alanine transaminase; AST, Aspartate aminotransferase; ALK, Alkaline phosphatase; CA 19-9, Carbohydrate antigen 19-9; CCA, cholangiocarcinoma; Hb, 
Hemoglobin; INR, International normalized ratio; IQR, Interquartile range; MELD, Model for end-stage liver disease; PSC, Primary Sclerosing Cholangitis.
Between-group analyses of qualitative and quantitative data were conducted using (a) Chi-square and (b) Mann-Whitney U test, respectively.
P-value < 0.05 was considered significant.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Patients who underwent liver 
transplant, 2015-2020 (n=2403) 

Participants included in the final analysis 
(n=425) 

Exclusion (n=1978): 
A prior CCA diagnosis before LT (n = 9) 
Secondary causes of PSC (n = 5) 
History of malignancy (n= 48)  
No PSC diagnosis (n=1916) 
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0.43, highlighting its utility in ruling out CCA.
In a separate analysis, we classified CA 19‒9 levels 

as either ≤ 46 U/mL or > 46 U/mL, and incorporated 
this variable into a multivariable model. The findings 
indicated that a CA 19‒9 level above 46 was significantly 
associated with 5.244-fold increased odds of CCA (95% 
CI: 2.167‒12.690, P-value < 0.001).

Discussion
PSC is recognized as a disease with the potential to 
progress to malignancy.16 CCA is the most prevalent 
type of cancer in individuals with PSC and constitutes 
a major cause of mortality in these patients.17,18 Despite 
the availability of multiple diagnostic techniques, early 
identification of CCA in PSC patients and prioritizing 
those at lower risk of developing CCA remain significant 
clinical challenges.19 This study aimed to evaluate the 
importance of various factors in predicting incidental 
CCA in PSC patients.

We found that 6.8% of the PSC patients had incidental 
CCA at LT, which was almost similar to the previous 
literature.12,20,21 Clinicians commonly suspect CCA in 
PSC patients who exhibit rapidly deteriorating hepatic 
function, characterized by worsening jaundice, loss of 
body weight, and abdominal discomfort.10 While CA 
19‒9 and weight loss emerged as independent predictors 
in this cross-sectional study, causal inferences are limited 
and these should be viewed as associations requiring 
prospective confirmation. The significance of CA 19‒9 
(P = 0.040) was borderline and may not survive strict 
multiplicity; however, given the exploratory nature and 
biological plausibility, it warrants further investigation. 
In contrast to our results, Charatcharoenwitthaya 
et al. indicated that presence of weight loss was not 

significantly different between PSC patients with and 
without early-stage CCA.22 Furthermore, these symptoms 
are non-specific and may also be observed in benign PSC 
or gynecological cancers.23 Therefore, additional studies 
should be conducted to identify more sensitive and 
specific markers for accurate CCA diagnosis. 

In the current study, CA 19‒9 showed moderate 
predictive power (AUC = 0.737) but it should not be used 
in isolation for diagnosis, as the Youden index (0.403) 
indicates room for improvement. CA 19‒9 is a cell surface 
glycoprotein complex synthesized by pancreatic ductal 
cells, biliary system, and epithelial cells located in the 
stomach, colon, uterus, and salivary glands. It is widely 
evaluated as a tumor marker for diagnosing CCA.24 
Our results align with a previous meta-analysis study 
involving 31 individual studies, which concluded that 
CA 19‒9 could serve as a non-invasive tool for predicting 
CCA.25 According to that study, CA19‒9 had sensitivity 
and specificity ranging from 33% to 100% and from 31% 
to 100%, respectively, across studies. The pooled results 
showed a sensitivity of 0.72 (95% CI: 0.70–0.75) and 
specificity of 0.84 (95% CI: 0.82–0.85). The sensitivity 
of CA 19‒9 varied across different subgroups: 62% in 
Europeans, 71% in Americans, and 74% in Asians. The 
cutoff value for CA 19‒9 also varied from 20 to 200 U/mL. 
These differences could be due to variations in geographic 
locations, demographic characteristics, and health status 
of control groups. It should be noted that the Youden 
Index (sensitivity + specificity – 1) fell below 50% at our 
reported cut-off point, indicating a low balance between 
sensitivity and specificity. As a result, CA 19‒9 > 46 cannot 
be deemed a diagnostic criterion, but also recommended 
to use this biomarker alongside other relevant tests. In 
this regard, CA 19‒9 is noted to be influenced by other 
diseases affecting bilirubin levels, which may limit its 
diagnostic value.26

In the present study, we observed no significant 
association between various factors investigated (such as 

Table 2. Multivariable logistic regression for risk factors of CCA diagnosis

Variables OR (95% CI) P-Value

CA 19‒9 (continuous) 1.001 (1.000 to 1.001) 0.041

Weight loss (no vs. yes) 4.712 (1.392 to 15.947) 0.013

CA 19‒9, Carbohydrate antigen19‒9; CCA, Cholangiocarcinoma; CI, 
Confidence Interval; MELD, Model for end-stage liver disease; OR; Odds 
Ratio. Age, sex, hemoglobin, CA 19-9, weight loss, MELD score, and albumin 
were included in the logistic regression. Only the above variables were 
retained in the final model. P-value < 0.05 was considered significant.

Table 3. Predictive performance of CA 19-9 for CCA

Area under the ROC curve (AUC) 0.737

Significance level P (Area = 0.5)  < 0.001

95% Confidence interval 0.689‒0.782

Standard error 0.0563

Youden index J 0.4032

Associated criterion  > 46

Sensitivity 68.00

Specificity 72.32

AUC, Area Under the Curve; CA 19‒9, Carbohydrate antigen 19‒9; CCA, 
Cholangiocarcinoma; ROC, Receiver Operating Characteristic. P-value < 0.05 
was considered significant.

Figure 2. ROC showing the predictive performance of CA 19-9 for CCA. 
AUC; Area Under the Curve; CA 19‒9; Carbohydrate antigen 19-9; CCA, 
Cholangiocarcinoma; ROC, Receiver Operating Characteristic
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age, sex, duration of PSC, and liver function tests) and the 
risk of CCA. These findings are consistent with a previous 
cohort study conducted by Burak et al., which followed 
PSC patients for a median duration of 11.5 years until the 
diagnosis of CCA or LT.27 However, some studies have 
reported age, male sex, longer duration of PSC, higher 
levels of total and direct bilirubin, and higher Mayo 
score as independent predictors for CCA development 
in individuals with PSC.10, 28 The conflicting evidence 
may be attributed to differences in study designs, genetic 
predispositions, geographic and environmental factors, as 
well as statistical models employed.

Our study has several limitations that should be 
acknowledged. Firstly, the retrospective cross-sectional 
design employed in this study introduces certain 
limitations such as recall bias, inability to control for all 
potential confounding factors, and inability to establish 
causality. Secondly, we did not assess several known 
etiologies (such as toxin exposure and infections) and 
unknown factors that are associated with CA 19‒9 and 
body weight. Thirdly, the presence of inflammatory 
bowel diseases as a potential risk factor of CCA in PSC 
patients was not assessed in our study due to lack of 
available data. Therefore, further large-scale prospective 
investigations are warranted with considering these 
factors to provide a more comprehensive understanding 
of the disease. Fourthly, the sample size, while sufficient 
for estimating CCA prevalence, may be underpowered for 
multivariable logistic regression given the low number of 
events (29 CCA cases), potentially leading to overfitting 
or sparse data bias. Post-hoc power calculations for 
the key predictors (CA 19‒9 and weight loss) indicate 
approximately 80% power to detect the observed odds 
ratios at α = 0.05, but larger prospective studies are 
recommended for validation. Furthermore, stepwise 
selection methods may inflate Type I errors and lead to 
unstable models; however, consistency across methods 
mitigates this concern. Lastly, it is important to note 
that as a single-center study, external validity may be 
limited; multicenter validation is needed, particularly for 
subgroups (for example, by disease duration).

Conclusion
Our results show that a CA 19‒9 level above 46 U/mL has 
a relatively good predictive power for incidental CCA in 
PSC patients. Accordingly, patients with a CA 19‒9 level 
greater than this cutoff have a five-time higher risk of 
incidental CCA. Furthermore, weight loss was identified 
as another significant risk factor for development of 
CCA. Future prospective studies with larger samples are 
recommended to evaluate the predictive power of CA 19‒9 
in diverse populations, particularly when combined with 
other viable detection strategies and when stratifying CCA 
by its anatomical subtypes (intrahepatic, hilar, and distal).
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